Objective : Cerebral varices (CVs) without an arteriovenous shunt, so called nonfistulous CVs, are very rare, and their etiology and natural course are not well understood. The aim of this study is to evaluate the clinical outcomes of nonfistulous CVs by the analysis of 39 cases. Methods : From 2000 to 2015, 22 patients with 39 nonfistulous CVs (≥5 mm) were found by searching the medical and radiologic records of our institute. Clinical data and radiological data including numbers, sizes and locations of CVs and associated anomalies were retrospectively collected and analyzed. Previously reported cases in literature were reviewed as well. Results : The mean age of the patients was 21 years (range, 0-78 years). On average, 1.8±1.2 CVs were found per patient. CVs were categorized as either fusiform or saccular depending on their shapes. Two patients had saccular type CVs, seventeen patients had fusiform types, and three patients had both fusiform and saccular CVs. Eight patients had associated compromise of the vein of Galen and the straight sinus. Four of those patients had sinus pericranii, as well. Five patients had CVs that were distal draining veins of large developmental venous anomalies. One patient had associated migration anomaly, and two patients had SturgeWeber syndrome. Six patients with an isolated cerebral varix were observed. Of the 39 CVs in 22 patients, 20 lesions in 14 patients were followed up in outpatient clinics with imaging studies. The average follow-up duration was 6.6 years. During this period, no neurological events occurred, and all the lesions were managed conservatively. Conclusion : Nonfistulous CVs seemed to be asymptomatic in most cases and remained clinically silent. Hence, we suggest conservative management.
INTRODUCTION
A cerebral varix (CV), also known as a cerebral venous aneurysm, is dilatation of a single vein or, infrequently, dilatation of several focal veins 15) . It is a rare vascular malformation and is often associated with an arteriovenous shunt, such as arteriovenous malformation 22) . However, a few cases without arteriovenous shunts have been reported.
CVs found with an arteriovenous shunt, so called fistulous CVs, are thought to be formed by high arterial pressure on ve-J Korean Neurosurg Soc 61 | July 2018 nous drainage system 36) . There is a well-known association between fistulous CVs and hemorrhage 22) . Therefore, it is generally accepted that patients with fistulous CVs should be carefully followed up and treated if possible. In contrast, nonfistulous CVs, which are unrelated to arteriovenous shunts, are much less common; the biological characteristics of these lesions are only speculation, and their tendency to rupture or thrombose is unknown. Therefore, guidance on CV management has not yet been clearly expressed.
The aim of this study is to report our experience with the clinical outcomes of nonfistulous CVs, as well as review the pertinent literature.
MATERIALS AND METHODS
This retrospective study was approved by the Institutional Review Board (1609-005-787). Brain magnetic resonance (MR) and transfemoral cerebral angiography (TFCA) reports from January 2001 through December 2015 were examined for the terms "venous varix", "venous dilatation", "dilated vein", "enlarged vein", "venous enlargement", "dilatation of vein", and "venous angioma". After the search, the exclusion criteria were applied to filter the irrelevant cases. The exclusion criteria were as follows : 1) CVs with arteriovenous shunts, 2) CVs with a size less than 5 mm in diameter, or 3) sinus pericranii (SP) without any intracranial component. Medical records and imaging data were retrospectively reviewed, and 22 patients with 39 CVs were included for the study.
All 22 patients were evaluated with MR imaging. Sixteen patients were also examined by TFCA, and magnetic resonance venographies were performed in six patients. The sizes of the CVs were measured on enhanced T1 MR images by the PACS software (Infinitt PACS 5.0; Infinitt Healthcare, Seoul, Korea). When there was no T1-enhanced sequence, the size was measured in the T2 sequence. The most recent scans were used for the CV measurement.
Clinical information was derived from the identified patients in three categories and 10 aspects : 1) demographic data (age, sex, and presenting symptoms); 2) radiographic data (number, size, location, associated vascular or other anomalies, relationships between the lesion and anomalies); and 3) treatment methods and clinical outcomes.
The diameter of CVs were measured in a direction perpendicular to the flow of CV. Diameters were measured in available orientations including transverse, sagittal and coronal planes. The longest diameter was selected as the diameter of the CV. When the length of the dilatation was less than two times of the diameter of the CV, the CV was referred to be saccular. When the length of the dilatation is longer than two times of the maximum diameter, the CV was recognized as a fusiform type.
The threshold diameter was determined to be 5 mm based on two facts. First, the smallest size of cerebral varices in the literature was 5 mm 32, 33) . Second, the diameter of the Sylvian vein, one of the largest veins excluding the venous sinuses and the vein of Galen, ranged from 1.7 to 3.2 mm in an investigation of 260 patients 1) . Thus, we thought that the 5 mm threshold was enough to include the majority of cerebral varices and exclude normal veins.
Literature review of pertinent clinical studies
The MEDLINE database was searched from 1970 to 2017 using the search terms "cerebral varix", "cerebral venous angioma", "cerebral venous aneurysm", "non-fistulous CVs", and "isolated CVs", and reports dealing with fistulous CVs were excluded. Clinical and radiological data, including the number of enrolled patients, age, sex, terminology for diagnosis, treatment methods, and complications were investigated for comparison in our study.
RESULTS

Clinical and angiographic features
The demographic characteristics of the 22 patients are presented in Table 1 . The mean age of all patients in the study was 21 years (range, 0-78 years). The majority of patients were children or young adults. There were 13 male patients (59.1%). Symptomatic lesions were noted in 14 patients : intracranial hemorrhage (ICH) in 1, seizure in 4, and headache in 7. Skin lesions caused by associated anomalies, such as SP, were seen in two patients.
The average number of CVs was 1.8±1.2 per patient. The diameter of the CVs ranged from 5 mm to 16 mm, and the mean diameter of the largest CV of each patient was 5.5±4.0 mm. Among the 39 CVs, 11 (28%) were located in the deep J Korean Neurosurg Soc 61 (4) : 485-493 venous system, whereas 28 CVs (72%) were seen in the superficial venous system. CVs were classified as fusiform or saccular depending on their shapes as mentioned above. The majority of patients (n=17) had fusiform CVs (77%), but two had saccular types (9%) and three had both fusiform and saccular types (14%).
Also, patients were classified according to relevant anomalies, which are organized in Table 1 together with the demographics and clinical information for each patient. Eight patients exhibited a compromised vein of Galen and straight sinus. Among them, four patients had SPs. The frequency of SP was significantly higher in those eight patients with compromised anatomy than in other patients (p value=0.005 using Fisher's exact test). Other associated anomalies included DVAs (not directly draining into CVs), giant arachnoid granulations, and embryonic veins (e.g., ventral diencephalic vein and persistent falcine sinus).
Five patients had large DVAs draining into the CVs. Two of them presented with headache, and the rest were incidentally discovered. There were three patients with an associated migration anomaly, neurocutaneous syndrome or Sturge-Weber syndrome. All of these patients presented with seizure. Presentation with seizures in these patients was statistically significant compared to the incidence of seizures in other pa- 
Long-term clinical outcomes
Of the 39 CVs in 22 patients, 20 lesions in 14 patients were followed up for 2 years or longer. Among them, no adverse events were reported. Their mean follow-up period was 6.6 years (range, 2-15 years). A total of 14 symptomatic patients, including one patient with ICH, were managed conservatively.
Review of the patient literature
In literature, fifteen cases of nonfistulous CVs were reported between 1978 and 2017 ( Table 2) . Two patients (13%) had hemorrhage, and another two (13%) had thrombosis at presentation 11, 12, 23, 33) . Headache was reported in four patients (26%) 6, 8, 30, 31) . Seven cases (47%) were discovered incidentally. Overall, seven patients underwent surgery (47%) : one died on the third postoperative day, but the cause of death was not stated 33) . Another patient developed hemiplegia postoperatively, but the symptoms progressively improved 23) . The rest of the patients recovered uneventfully. Among those who were managed conservatively, no morbidity or mortality had been reported.
Illustrative cases
Case 6
A 16-year-old boy presented with a two-week history of intermittent headache. He underwent investigation including brain computed tomography (CT), magnetic resonance imaging (MRI), and TFCA, which showed thrombosed superior sagittal sinus and bilateral transverse and sigmoid sinuses (Fig.  1) . There was no evidence of dural arteriovenous fistula (AVF). He was started on anticoagulation therapy. After a week, his headache worsened and the follow-up brain CT showed an acute subarachnoid hemorrhage. Anticoagulation was stopped and the patient was managed conservatively. Follow-up TFCA showed persistent occlusion of sinuses and CVs on superficial venous system. Later, he was diagnosed with inflammatory myofibroblastic tumor on the right parotid gland and it was thought to be the cause of the thrombosis. He was restarted on anticoagulation therapy for thrombosis but was managed conservatively regarding the CVs. Follow-up brain MRI scans showed no significant change in those malformations, and the patient remains symptom free, although he continued to have intermittent headaches.
Case 20
An 11-month-old girl presented with an abnormal brain sonography result. She was previously healthy except a history of Fig. 1 . Magnetic resonance imaging and left internal carotid artery angiography of patient 6 showed thrombosed posterior SSS and bilateral transverse sigmoid sinuses. Black arrows show CVs; two are saccular and one is fusiform. SSS : superior sagittal sinus. Fig. 3 . Left internal carotid artery angiography of patient 11 whose CV was discovered incidentally. A large developmental venous anomalie was noted, draining medullary veins (black arrowheadeds) and a large saccular type CV was seen (black arrows). CV : cerebral varix. jaundice. The brain MRI showed cerebral cortical venous engorgement in the left sylvian area, and it appeared to drain to the posterior portion of the superior sagittal sinus, suggesting a diagnosis of dural AVF. However, left internal carotid artery angiography showed a venous engorgement of the left superficial vein without evidence of fistula (Fig. 2) . The patient remained symptom free and had an unremarkable development.
Case 11
A 27 year old female was referred to our clinic with an abnormal finding on MRI. She had amenorrhea secondary to prolactinoma in the sellar area. Otherwise, she was symptom free. TFCA was performed and showed a large DVA and a CV on the superficial venous system (Fig. 3) . Unfortunately, she was lost in the follow-up.
DISCUSSION
Clinical outcomes
From the literature review, it appeared that a large proportion of nonfistulous CVs were clinically silent and found incidentally. In our study, 63.6% (14 of 22 patients) of patients were symptomatic, and headache was the most common presenting symptom. However, it was difficult to show a direct correlation between the lesions and headache. This was the same for seizure, which was the second most common presenting symptom. The location of lesions did not match the seizure activity according to the electroecephalography (EEG) in most cases. Accordingly, it might be more appropriate to consider that most patients had nonspecific symptoms, such as headache or seizure, and that the CVs were found by accident. For example, three out of four patients who presented with seizure and their epilepsy was considered to be related to congenital anomalies rather than CVs. In only one case the association between the CV and seizure could not be ruled out due to the lack of mandatory information, such as EEG data or a description of semiology.
In literature, 26% of patients presented with either hemorrhage or thrombosis of CVs. This is much higher than the prevalence seen in our study (4.5%) . This discrepancy may be due to the small numbers of patients in studies. Also, it should be noted that atypical presentation, e.g., symptomatic patients, is more likely to be reported in literature than a typical case, overestimating the true incidence of symptoms.
In previous studies, 47% of patients underwent surgery. However, surgeries were intended for symptom relief, not for prevention of symptom. The benefits of surgery were not established and, therefore, the surgery should be reserved for symptomatic patients.
CVs often operate as an alternative drainage channel for congenital anomalies, such as agenesis of vein of Galen. As a result, rare manifestation of symptoms from hemorrhage or thrombosis has been reported, and regular follow-up visits are recommended.
To our knowledge, this is the largest study to evaluate the clinical outcomes of nonfistulous CVs. However, the followup duration of our study was limited to an average of 6.9 years, and the follow-up time was not always clear in the literature. Long-term prospective observational study is required to verify the benign nature of CVs.
Pathogenesis of CVs
Patients identified by the abovementioned criteria were heterogeneous. Clinically, patients with sinus compromise were the most remarkable. All patients in this group showed compromise of the vein of Galen and straight sinus ( Table 1, Fig. 1 ). CVs were not directly proximal to the atretic vein of Galen or straight sinus. Instead, they were dilated cortical veins that drained into other sinuses or the pterygopalatine plexus. They were alternative drainage channels to the compromised vein of Galen. Sinus thrombosis seemed to aggravate sinus compromise. Due to the sinus compromise, patients possibly had significant venous hypertension.
In a previous report from our group, venous hypertension from sinus compromise was suggested as a developmental cause of SPs 21) . The significantly increased frequency of SPs in these patients supports that they would have venous hypertension from sinus compromise. Lasjaunias et al. 13 ) also suggested that venous obstruction causes nonfistulous CVs. According to them, the superficial and deep venous systems are in equilibrium, and an obstruction in the venous system leads to an increased pressure upstream, resulting in a CV. Our results support this assertion. Some CVs were distal draining veins of DVAs (Table 1) . DVAs are the most common type of vascular malformations, with an incidence of up to 2.6% 12) . It is now widely ac-https://doi.org/10.3340/jkns.2018.0089 J Korean Neurosurg Soc 61 | July 2018 cepted that they are congenital and result as a compensatory venous system for abnormal development of veins in the central nervous system 1) . The coexistence of CV and DVA is uncommon. In English literature, there have been only 15 cases where CV and DVA were observed in the same patie nt 2, 4, 5, 7, 14, 16, 18, 19, 27, 29, 34, 35, 37) . Four patients (18%) had congenital malformations, either a migration anomaly or Sturge-Weber syndrome. Those anomalies were associated with various parenchymal abnormalities, which were thought to result in venous hypertension and CVs 26) . Additionally, venous and microvascular occlusion are well-known and prominent features of Sturge-Weber syndrome 3, 25) . Based on these findings, we carefully suggested that nonfistulous CVs may be congenital in origin. Various characteristics support this hypothesis. One is an association with congenital abnormalities including agenesis of the vein of Galen, sinus stenosis, SP, DVA, migration anomalies, and Sturge-Weber syndrome (Table 1 ). In addition, persistence and enlargement of an alternative embryologic venous drainage channel, including the ventral diencephalic vein and falcine sinus, in our series support the developmental origin.
Eight CVs had no associated anomalies and the median age of these patients was highest compared to the others. Causes of these isolated CVs are still obscure. One of the hypotheses by Gomez et al. 6) is that transient venous obstructions during the developmental period create isolated CVs. However, they might not be congenital in origin and this should be further investigated.
CONCLUSION
In general, nonfistulous CVs do not cause symptoms, and we suggest they should be managed conservatively. However, rare manifestation of symptoms due to hemorrhage or thrombosis has been reported, and regular follow-up visits are recommended.
Although the clinical features of nonfistulous CVs are heterogeneous, most of them were closely related to congenital anomalies. Venous obstructions, such as compromise of the vein of Galen or straight sinus during development seemed to play a role in pathogenesis.
CONFLICTS OF INTEREST
No potential conflict of interest relevant to this article was reported.
INFORMED CONSENT
This type of study does not require informed consent.
